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Introduction. 

Much  tine  and  tliou^t  are  being  spent  by  electrical 
engineers,  at  the  present  tine  in  an  effort  to  put  upon  the  narket 
more  satisfactory  alternating  current  motors.    This  assertion  ap- 
plies in  particular  to  single  phase  motors.    The  polyphase  no tor 
has  been  developed  to  a  conparatively  high  state  of  perfection,  and 
it  is  noT7  being  used  in  nany  places  v/hich  were  previously  the  un- 
disputed field  of  the  direct  current  notor.     The  use  of  single  phase 
current  for  power,  hovi'ever,  has  certain  important  advantages  over 
polyphase  currents,  which  make  the  introduction  of  single  phase 
motors  very  desirable.     Some  of  the  most  obvious  of  these  advan- 
tages are  the  increased  simplicity  of  transmission  lines,  and  the 
decrease  in  the  cost  of  the  distributing  system. 

At  the  present  tine  single  phase  motors  are  in  a  more  or 
less  experimental  stage.    There  is  however  a  motor  manufactured  by 
the  Wagner  Electric  Ilfg.  Co.  of  St.  Louis,  which  is  being  used 
quite  extensively  and  which  has  proved  successful  in  nLimerous  ap- 
plications.    The  motor  to  which  mb  refer  is  linown  as  the  Arnold 
type.    Recently  this  same  company  has  begun  the  manufacture  of  a 
nev;  type  of  motor  which  is  known  as  the  Schuler  type.    One  of  these 
motors  was  furnished  to  the  Electrical  Engineering  Department  of 
the  University  of  Illinois  for  experimental  purposes.    We  have 
taken  advantage  of  this  opportunity  and  have  made  some  tests  in 
order  to  determine  some  of -this  motor's  characteristics. 

The  tv/o  t^'pes  of  motors  mentioned  above,  namely,  the 


Arnold  and  Schuler  types  are  similar  in  many  of  "tiieir  character- 
istics; in  fact  the  forner  nay  be  considered  as  one  of  the  steps  in 
the  evolution  of  the  latter.    A  description  of  the  Arnold  type  nay 
therefore  be  of  value  in  giving  a  clearer  conception  of  the  Schuler 
t;:,^e  TJhich  is  the  one  in  which  i7e  are  particularly  interested. 

Description  of  the  Arnold  Motor. 

The  Arnold  llotor  as  manufactured  by  the  Wagner  Co,  is 
in  all  essentials  a  single  phase  induction  not or.    The  great 
obstacle  v/hich  has  perplexed  the  designers  of  single  phase  induc- 
tion motors  is  the  fact  that  they  have  no  torque  when  at  rest,  and 
hence  will  not  start  when  the  pov/er  is  applied,    TLie  flux  which  is 
set  up  by  the  stator  current  is  oscillating  rather  than  revolving 
in  nature  and  hence  there  is  no  more  tendency  for  rotation  in  one 
direction  than  in  the  other.    IThen,  however,  the  rotor  is  running 
the  effect  of  the  stator  flux  is  very  much  the  same  as  the  revolv- 
ing flux  of  a  polyphase  motor  and  therefore  after  the  motor  is  once 
in  motion  it  continues  to  operate  very  satisfactorily. 

Various  schemes  for  starting  single  phase  induction 
motors  have  been  tried.     One  of  the  most  successful  of  these  is  the 
one  employed  on  the  Arnold  motor,  namely,  the  repulsion  motor 
principle,    A  repulsion  motor  has  a  speed  torque  characteristic 
very  similar  to  that  of  a  direct  current  series  motor  and  hence 
very  good  starting  torque  is  obtained  by  the  use  of  this  method, 

A  repulsion  motor  may  be  classified  as  a  type  of  induc- 
tion motor  from  the  fact  that  no  currents  are  supplied  to  the  rotor 
from  without,  but  all  currents  which  flow  are  produced  by  induc- 
tion.    The  peculiar  feature  of  a  repulsion  motor  is  its  rotor 


which,  is  in  every  respect  identical  to  the  armature  of  a  direct 
current  machine.    Brushes,  v/hlch  are  shortcircuited,  rest  upon  the 
commutator,  the  angle  which  they  make  vilfh  the  line  passing  tlirough 
the  center  of  the  poles  being  usually  in  the  neighborhood  of  fifteeni 
to  tv/enty  electrical  degrees.     The  direction  of  the  flux  produced 
by  the  rotor  currents  is  along  a  line  through  the  brushes  and  that 
produced  by  the  stator  has  a  direction  parallel  to  a  line  passing 
radially  through  the  centers  of  the  poles.     These  tx70  fluxes  nearly 
oppose  each  other  and  a  resultant  flux  is  produced  wlilch  is  nearly 
at  right  angles  to  the  direction  of  the  stator  and  rotor  fluxes. 
This  resultant  flux  has  a  direction  along  the  air  gap  of  the  motor 
and.  it  is  this  flux  which  produces  the  torque  of  the  motor. 

The  Arnold  Motor  being  a  repulsion  motor  at  the  time  jj 
of  starting  also  has  a  rotor  very  much  like  that  of  a  direct  cur- 
rent machine.     On  the  shaft  of  the  motor,  however,  is  a  centrifugal 
device  which  removes  the  brushes  from  the  commutator  when  a  certain 
speed  is  reached,  and  at  the  same  time  shortcircuits  the  commutator 
segments,  thus  changing  the  action  of  the  motor  from  that  of  a 
repulsion  to  that  of  an  induction  motor,  [ 

Description  of  the  Schuler  Motor. 

The  SchuJLer  type  of  motor,  as  has  already  been  stated, 
is  similar  in  many  respects  to  the  Arnold  t;-pe  which  has  just  been 
described.    Tills  motor,  as  manufactured  by  the  Wagner  Co.  is 
especially  intended  for  crane  and  elevator  service,    A  photograph 
on  page      shows  the  particular  motor  upon  which  our  tests  were  made. 

The  stator  of  this  motor  is,  in  appearance,  very  much 
like  that  of  most  induction  motors.   (See  photograph  page  5  ).  It 
has  54  slots  and  6  poles,  making  9  slots  per  pole.     The  v.'inding 
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"  X7hicli  is  used  differs,  lionever,  from  tiiat  found  on  any  otiier  notor. 

It  is  laiovm.  as  the  Schuler  winding,  and  its  purpose  is  to  provide 
I  an  easy  means  of  changing  the  direction  of  rotation  of  the  motor. 
In  the  Arnold  motor  the  direction  of  rotation  is  changed  by  shift- 
ing the  point  of  brush  contact  to  either  side  of  the  line  which 
passes  through  the  centers  of  the  poles,  hut  in  elevator  service 
where  tlie  changes  in  direction  of  rotation  are  very  frequent,  a 
device  for  shifting  the  brushes  would  be  both  complicated  and  un- 
it reliable.    The  scheme  which  has  been  adopted  consists  in  keeping 
the  brushes  fixed  and  shifting  the  poles  so  that  their  center  line 
comes  on  either  side  of  the  points  of  brush  contact.     It  is  the 
purpose  of  the  above  named  winding  to  accomplish  this.     The  diagram 
on  page  7  has  been  constructed  to  show  the  general  plan  of  the  wind- 
ing and  the  means  by  which  the  shifting  of  the  poles  is  brought  a- 
bout.     It  v;ill  be  noted  from  this  dlagnm  that  the  v/inding  is 
divided  Into  three  parts,  namely,  a  main  and  two  auxiliary  windings. 
The  main  winding,  sho'-m  in  black  occupies  four  consecutive  slots 
while  the  tv/o  auxiliary  windings  shov/n  in  red  and  blue  occupy  the 
two  adjacent  slots  on  both  sides  of  these.     It  will  also  be  noted 
that  only  eight  slots  of  the  nine  for  every  pole  are  accounted  for. 
The  remaining  slot  is  left  vacant,  there  being  one  of  these  for 
every  pole  in  the  stator.     3y  connecting  a  suitable  source  of  power 
to  the  main  and  one  of  the  auxiliary  terminals,  the  inductors  of 
six  successive  slots  are  connected,  so  that  tlie  current  in  each  has 
the  saine  direction  and  value  at  any  given  instant.     Changing  the 
connection  from,  one  au:ciliary  terminal  to  the  other  has  the  effect 
of  shifting  either  forv;ard  or  backward  the  center  line  of  the  poles, 
a  distance  of  two  stator  slots,  which  is  equivalent  to  forty  elec- 


trical  degrees.     If  then  the  brushes  are  properly  located  with  re- 
gard to  the  stator  v;lnding  the  center  line  of  the  poles  may  be  made 
to  come  tv/enty  degrees  to  either  side  of  the  position  of  the  brushes! 

The  rotor  of  this  motor  like  that  of  the  Arnold  t^Tpe 
resem.bles  in  many  respects  the  arm.ature  of  a  direct  current  machine. 
(See  photographs  on  pages  5  and  9  ) .     There  are  some  points  of 
difference,  hov/ever,  which  are  worthy  of  mention.      The  winding  on 
the  rotor  is  not  connected  directly  to  the  commutator  but  a  resist- 
ance is  interposed.     This  resistance  is  in  the  form  of  leads,  \7hich 
pass  from  the  commutator  throu^  the  bottoms  of  the  slots  and 
connect  on  to  the  main  winding  at  the  opposite  end  of  the  rotor 
from  that  in  which  the  comjnutator  is  located.    At  the  time  the 
coils  of  the  rotor  are  passing  under  the  brushes,  they  are  in  such 
a  position  that  a  considerable  electromotive  force  is  being  gener- 
ated in  them  and  the  resistance  leads  are  therefore  inserted  to  ^ 
prevent  excessively  large  currents  from  flowing  in  the  coils  while 
they  are  undergoing  commutation.     The  rotor  is  also  provided  with 
three  slip  rings,  located  on  the  shaft  at  the  opposite  end  from 
that  on  which  the  commutator  is  attached.     These  slip  rings  are 
connected  to  the  winding  at  three  equidistant  points  in  a  manner 
similar  to  that  in  which  the  slip  rings  of  a  three  phase  rotory 
converter  are  connected  to  the  main  winding;  in  fact  the  rotor  of 
this  motor  is  identical  to  the  armature  of  a  three  phase  convertor. 
The  centrifugal  device  of  the  Arnold  motor  which  removes  the 
brushes  from  the  commutator  and  shortcircuits  the  winding  on  the 
rotor  is  dispensed  v;ith  in  this  motor,  but  instead  the  brushes  are 
allowed  to  remain  upon  the  commutator  at  all  times  and  the  short- 
circuiting  of  the  winding  is  effected  through  the  three  slip  rings. 


LIBRARY 

OF  THE 

UNIVERSITY  of  ILLINOIS. 


LIBRARY 

OF  THE 

UNIVERSITY  of  lUINOI 


Both  the  brushes  on  the  coanuta tor,  and  those  on  tlio  slip  rln^^s 
are  connected  "to  terminals  on  the  outside  of  the  na chine ,  so  that 
r/hLitever  connections  are  necessary  are  nade  on  the  outside  of  the 
machine , 

A  controller  was  included  as  part  of  the  equipment  fur- 
nished rith  the  motor.     (See  photograph  on  page  10).     Although  this 
is  not  an  integral  part  of  the  motor  it  plc^ys  an  important  part  in 
its  operation.    This  controller  is  designed  to  be  used  nhen  the 
motor  is  employed  to  operate  an  elevator.     In  the  upper  part  of  the 
controller  is  a  sv/itching  device  by  means  of  which  the  power  is 
applied  to  the  motor,     Tlio  construction  of  this  swtich  is  such  that 
it  is  used  to  reverse  as  well  as  start  ajid  stop  the  motor.  The 
method  by  which  the  reversing  is  accomplished  will  be  rem.embered 
from  the  description  of  the  stator  winding.     The  lower  part  of  the 
controller  is  devoted  to  resistances  which  are  used  in  connection 
T/ith  the  rotor.     There  is  an  iron  grid  resistance  which  is  connect- 
ed across  the  terminals  of  the  brushes  on  the  commutator  of  the 
rotor.     This  resistance  is  inserted  to  prevent  excessively  large 
currents  from  flowing  when  the  motor  is  started.     There  are  also 
a  set  of  resistances,  arranged  in  a  three  legged  form  which  are 
used  in  connection  with  the  three  slip  rings  on  the  rotor.    These  • 
resistances  are  divided  into  steps,  so  that  they  may  be  cut  out 
little  by  little.    A  simple  device  for  cutting  out  these  resist- 
ances as  the  motor  comes  up  to  speed  is  located  on  the  outside  of 
the  controller.     It  is  actuated  by  gra.vity  and  the  rapidity  with 
v/hich  it  operates  is  determ.ined  by  tlie  settling  of  a  plunger  in 
an  oil  dash  pot.    This  device  is  very  well  illustrfcited  in  the 
photograph  of  the  controller. 
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The  action  of  the  controller  in  starting  the  motor  ic 
explained  as  follor/s.     Closing  the  SY;itch  in  the  upper  part  of  the 
controller  causes  the  motor  to  start.     The  slip  rings  are  on  open 
circuit  and  the  motor  is  therefore  a  pui*e  repulsion  motor.    As  soon 
however,  as  the  sv/itch  is  throv/n  for  starting  the  automatic  device 
on  the  controller,  begins  to  act,  and  after  a  short  interval,  the 
slip  rings  are  connected  through  the  largest  resistance  in  the 
controller.     This  resistance  is  then  cut  out  step  by  step  till 
finally  tlie  rotor  is  shortcircuited  across  the  slip  rings.  IThile 
these  resistances  are  being  cut  out  the  motor  is  coming  up  to  speed 
and  T7hen  finally  the  rotor  is  shortcircuited,  the  motor  is  running 
at  normal  speed.     It  v/ill  be  noted  that  the  starting  of  this  motor 
differs  from  that  of  the  Arnold  motor  in  that  the  change  from 
repulsion  to  induction  motor  is  a  gradual  one.  i 

Some  of  the  m.ore  specific  facts  concerning  the  motor 
are  given  in  the  follov/ing  table  of  data. 


Rated  capacity  10  II. P. 

normal  terminal  voltage  208  Volts 

Frequency  60  P. P. 3. 

Full  load  speed  1165  R.P.M. 

Stator  bore  13" 

ITo.  of  Stator  slots  54 

IIo.  of  Stator  poles  6 

Length  of  Stator  core  6^" 

Dlam.eter  of  Rotor  core  12  15/16" 

ITo.  of  Rotor  slots  65 

Dlam.  of  Commutator  7  29/32" 

Length  of  Commutator  2}z^ 

ITo.  of  Comjnutator  seginents  129 

Ler^th  of  air  gap  l/32" 

Dlam.  of  shaft  at  pulley  1  13/16" 

Dlam.  of  shaft  at  Journal  1§" 


Description  of  Tests. 
In  the  tests  T7hlch  ^rere  made  we  have  confined  our  study 
of  the  motor  to  its  operating  characteristics. 
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Before  making  the  actual  test  upon  the  motor  several 
preliminary  measurements  were  made.     These  consisted  chiefly  of 
measuring  the  resistances  of  the  various  circuits  connected  \7ith 
the  motor,  and  obtaining  data,  from  r/hich  some  of  the  more  impor- 
tant losses  in  the  motor  could  "be  computed.     The  data  for  computing 
the  losses  was  obtained  by  running  the  motor  as  an  induction  motor, 
without  load,  and  varying  the  impressed  voltage  from  e.  value  som^e- 
T7hat  above  normal  down  to  a  point  at  which  the  m.otor  ceased  to 
run.    Readings  were  taken  of  impressed  volts,  watts  inx)ut,  stator 
and  rotor  currents.     This  data  is  tabulated  on  pages  21  <5:  22. 

The  most  important  test  was  one  which  was  made  in  order 
to  study  the  operating  characteristics  of  the  motor.     It  will  be 
remembered  from  the  description  of  the  action  of  the  controller, 
that  the  motor  in  coming  up  to  speed,  passes  through  six  distinct 
conditions  of  .operation.     In  order  to  learn  what  tlie  action  of  the 
motor  was  for  each  condition  of  operation,  a  run  was  made  with  the 
controller  set  on  each  step.     In  each  case  the  speed  was  varied 
over  as  v;ide  a  range  as  possible,  this  being  accomT)lished  by 
varying  the  resisting  torque.     The  voltage  impressed  upon  the 
motor  was  held  at  its  normal  value  and  readings  were  taken  of  watts 
input,  stator  and  rotor  currents,  torque  and  speed.     The  rotor 
current  which  was  measured  was  that  which  flowed  from  commutator, 
or  repulsion  side  of  the  motor.     A  hot  wire  amm.eter  was  used  to 
measure  this  current  on  account  of  its  variable  frequency.  The 
resisting  torque  was  supplied  by  means  of  a  rope  brake  and  ^he 
force  which  it  produced  was  measured  by  means  of  a  platform  scale. 

The  sipeed  v;as  measured  by  m.eans  of  a  speed-counter  and 
stop-watch.     The  number  of  revolutions  in  a  short  interval  of  time 
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was  noted  and  tills  v/as  then  reduced  to  revolutions  per  minute. 
Upon  the  last  step  the  notor  operates  as  an  induction  motor  and 
hence  its  speed  is  nearly  constant  for  a  wide  range  of  torque. 
In  this  case  a  m.ore  accurate  method  of  measuring  speed  was  used. 
This  method  consisted  in  attaching  a  disc  with  radial  lines  marked 
upon  it  to  the  shaft  of  the  rotor  so  that  it  would  turn  at  the 
same  speed  as  the  rotor.     An  arc  light  operated  off  of  the  same 
generator  as  the  motor  was  placed  so  that  its  light  would  fall 

i 

upon  the  disc.    Ylhen  the  rotor  was  turning  at  nearly  synchronous 
speed,  the  radial  lines  on  the  disc  appeared  to  be  slov/ly  rotating  ' 
in  the  opposite  direction  from  that  in  which  the  rotor  was  turning. 
The  number  of  these  apparent  revolutions  per  minute  is  equal  to 
the  slip  expressed  in  revolutions  per  minute.     This  method  of 
measuring  speeds  is  applicable  only  at  such  speeds  which  approach 
very  near  to  synchronism.     The  data  taken  in  this  test  is  recorded 
on  pages  23  to  28  , 

Calculation  and  YJorking  up  of  Results,  | 
The  calculation  of  results  consisted  chiefly  of  comput- 
ing the  losses,  power  factor,  brake  horse-power  and  efficiency. 
The  friction  and  iron  losses  were  computed  from  the  data  taken  on 
the  first  run  made  upon  the  motor  in  which  the  impressed  voltage 
was  varied  over  a  considerable  range.     A  curve  was  plotted  between 
watts  input  as  ordinates  and  impressed  volts  as  abscissae.  This 
curve  is  shown  on  page  29  ,     The  ordinates  of  the  curve  represent 
the  total  pov;er  lost  in  the  motor  when  it  is  running  without  load. 
This  lost  power  is  made  up  of  friction,  iron  and  copper  losses. 
By  friction  losses  are  meant  the  losses  duo  to  friction  of  the 
bearings,  friction  of  the  brushes  and  windage.     The  iron  and 
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copper  losses  become  smaller  as  the  ImpresGed  voltage  is  decreased 

i' 

and  at.  t/lie  lowest  voltage  at  which  the  motor  will  run  they  are 
practically  negligable.     The  speed  of  the  motor  remains  nearly 
constant  over  a  considerable  range  of  voltage,  and  hence  the 
friction  loss  may  be  assumed  to  be  constant.     The  curve  between 
volts  and  watts,  described  above,  was  continued  till  it  cut  the 
axis  of  v/atts.     Tlie  ordinate  at  this  point  was  taken  to  represent 
the  friction  loss.     The  value  thus  obtained  is  only  approximate, 
however,  because  there  was  some  falling  off  in  the  speed.  This 
v/ould  indicate  that  the  normal  friction  loss  is  somewhat  larger 
than  found  by  this  method.     Tlie  iron  loss  was  found  by  subtracting 
the  friction  and  copioer  losses  from  the  total  watts  input  at 
normal  voltage.    -The  copper  loss  is  a  variable  depending  upon  the 
load  upon  the  motor.     It  may  be  divided  into  two  parts,  namely, 
the  loss  which  occurs  in  the  stator  and  that  which  occurs  in  rotor. 
These  losses  may  be  computed  if  the  currents  and  resistances  of 
their  respective  circuits  are  known.     The  losses  as  determined  by 
the  above  methods  are  recorded  on  page  21  . 

The  power  factor, brake  horse-power  and  efficiency  were 
all  computed  by  the  usual  methods.     In  plotting  the  results  of 
the  test,  speed  was  used  in  each  case  as  the  abscissa.     This  was 
done  GO  that  the  characteristics  of  the  motor  while  coming  up  to 
speed,  might  be  studied.    Four  sets  of  curves  were  plotted  which 
are  as  follows,  speed  torque,  speed  stator  current,  speed  power 
factor,  and  speed  efficiency.     These  curves  are  shown  on  pages 
30    to  33. 
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Analysis  of  Elevator  Conditions. 
Before  discussing  the  various  characteristics  of  the 
motor  as  determined  by  the  test  a  brief  analysis  of  the  conditions 
under  which  it  is  intended  to  operate  may  be  of  value  in  deter- 
mining its  adaptability  to  the  service  for  v;hich  it  is  intended. 
The  operation  of  an  elevator  motor  differs  from  that  of  most 
electric  motor  installations  in  the  fact  that  the  service  per- 
formed is  intermittent  rather  than  continuous.     An  elevator  is 
seldom  in  action  for  a  period  of  greater  duration  than  one  minute 
and  as  a  rule  the  time  of  operation  is  shorter  than  tliis.  Motors 
intended,  for  this  kind  of  service  are  therefore  subject  to 
frequent  starting  and.  in  order  to  be  successful  must  have  the 
proper  starting  characteristics.    Probably  the  most  important  of 
these  characteristics  is  the  torque  while  the  motor  is  coming  up 
to  speed.     The  resisting  torque  which  comes  into  action  at  the 
time  of  starting  is  made  up  of  three  parts,  namely,  that  due  to 
friction,  that  due  to  the  weight  which  is  being  raised  and  that 
due  to  the  inertia  of  the  parts  which  are  set  in  motion.  In 
good  elevator  practice  the  counterbalancing  is  such  that  the 
first  two  of  these  is  quite  small.     The  resisting  torque  due  to 
inertia  depends  upon  the  mass  v;hich  is  set  in  motion  and  the 
acceleration  of  the  same.     The  acceleration  will  be  of  such  a 
value  that  the  resisting  torque  will  Just  equal  the  torque  pro- 
duced by  the  motor.     In  most  cases  it  is  desirable  that  the  motor 
shall  assume  its  normal  speed  very  soon  after  it  has  started  and 
in  order  to  do  this  the  acceleration  and  hence  the  torque  must  be 
large. 


Discussion  of  Results. 

The  first  characteristic  which  v;e  will  discuss  is  that 
of  the  torque.     The  curves  on  page  50  show  the  variations  of  the 
torque  with  the  speed.     Six  curves  are  given  on  this  page,  there 
"being  one  for  each  of  the  steps  on  the  controller.     The  motor  in 
coning  up  to  speed  operates  for  a  short  interval  of  time  on  each 
of  these  curves.    The  time  of  clmnging  from  one  cucrve  to  another 
is  definitely  determined  by  the  timing  device  on  the  controller 
"but  the  speed  at  v/hich  the  shifting  from  one  curve  to  another  oc- 
curs is  not  always  the  same.     This  is  accounted  for  by  the  fact 
that  the  speed  at  any  given  instant  after  starting  depends  upon 
the  rate  of  acceleration  and  this  in  turn  depends  upon  the  load 
upon  the  motor,  which  will  vary  considerably  from  time  to  time. 

The  static  torque  of  the  motor  although  not  measured 
directly  was  found  by  extending  the  torque  curve  of  the  first  step 
till  it  intersected  the  zero  ordinate  of  speed.     The  ordinate  of 
this  point  of  intersection  was  taken  as  a  measure  of  the  static 
torque.     In  this  motor  this  value  was  found  to  be  about  80  lb. 
ft.,  which  is  equivalent  to  about  1.75^  of  the  full  load  running 
torque. 

One  peculiarity  which  was  noted  with  reference  to  the 
speed  torque  curves  is  the  close  grouping  of  curves  1,2,3,  and  4 
and  the  large  gaps  which  occur  between  curves  4,5  and  6.     It  is 
apparent  therefore  that  there  is  very  little  difference  in  the 
torque  when  the  motor  is  operating  on  the  first  four  steps  but  in 
passing  from  steps  4  to  5,  and  5  to  6,  the  change  in  torque  is 


18 


very  abrupt .     These  facts  indicate  that  the  resistance  used  in 
connection  with  the  three  phase  side  of  the  rotor  were  too  large. 
If  the  resistance  of  step  llo.  2,  were  nade  equal  to  that  of  ITo.  4, 
and  the  resistances  of  tlie  other  steps  selected  somewhere  between 
this  value  and  aero,  it  seems  reasonable  to  suppose  that  the 
torque  characteristics  for  the  several  steps  would  be  more  dis- 
tinct from  one  another  and  that  the  torque  of  the  motor  while  com- 
ing up  to  speed  would  be  more  uniform,  I 
The  current  and  power  factor  characteristics  were  plotted 
the  same  as  those  for  the  torque.     These  are  of  interest  especial- 
ly because  of  the  fact  that  motors  similar  to  the  one  -under  con- 
sideration will  in  many  instances  be  operated  off  of  the  same 
mains  that  are  Used  for  lighting.     In  such  cases  as  these  ex-  | 
cessively  large  currents  and  extremely  low  power  factors  are  un-  i' 
desirable.    The  current  at  the  time  of  starting  was  obtained  in 
the  sane  way  as  the  static  torque.     This  method  consisted  in  ex- 
tending the  current  curve  for  the  first  step  till  it  cut  the  axis 
of  currents.     The  value  of  the  ordinate  at  this  point  was  taken 
as  the  current  at  the  time  of  starting  and  was  found  to  be  some-  ' 
where  in  the  vicinity  of  85  amperes.     If  65  amperes  be  taken  as 
the  full  load  running  current,  the  current  at  the  instant  of 
starting  only  exceeds  this  by  about  30/j  which  may  be  considered  as 
good  performance  when  it  is  remembered  that  the  value  of  the 
starting  torque  was  found  to  be  about  75f$  in  excess  of  the  full 
load  running  torque.     The  pov;er  factor  at  the  time  of  starting  was 
also  found  in  a  manner  similar  to  the  method  of  finding  the 
static  torque.     The  value  which  was  obtained  was  about  60^, 


Efficiency  in  a  motor  of  tliis  type  is  a  natter  of 
secondary  importance  \'fhen  compared  with  reliability  of  service. 
An  elevator  motor  does  not  operate  continuously  as  most  other 
motors  do  and  hence  the  po'.ier  r/hich  is  consumed  is  very  small  when 
compared  with  the  power  consumed  by  another  motor  of  the  same 
rating  which  operates  continuously.    For  this  reason  very  little 
attention  was  paid,  to  an  accurate  determination  of  the  losses, 
only  approximate  values  having  been  obtained. 
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Conclusion. 

This  thesis  was  made  possible  through  the  kindness  of 
the  YJagnev  Electric  Manufacturing  Company  who  loaned  to  the 
University  the  motor  upon  which  the  tests  were  made.    An  invita- 
tion to  visit  their  factory  and  inspect  their  methods  of  testing 
was  also  extended  to  us  hy  this  same  company.     This  invitation 
was  accepted  and  much  information  of  value  was  obtained.    We  wish 
therefore  in  closing  this  thesis  to  express  our  appreciation  and 
thanks  for  the  many  favors  and  courtesies  which  have  been  received 
from  the  above  named  company. 
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